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The Nature of Intelligence

A storm of controversy has descended upon the once placid IQ-testing establish-

ment. If we are to seek a nontrivial understanding of the relationship between

natural intelligence on the one hand, and ineasured intelligence (IQ) oi the other,

there is one route to solution that will clearly not lead us to the heart of the

problem, and that we must avoid at all costs. This is the route in which one .e-

fines away (rather than defines) intelligence as whatever it is that 10 tests

measure.

Like other investigators in the field of intelligence, I have my own preferred

bag of tricks for studying intelligent functioning. I believe my methods have

worked rather well, and I will certainly share the major details of ,;om' of these

methods with you. But I do not claim that they, and they alone, can tell us the

true nature of intelligence. Instead, I am prepared to make an even mnor daring

claim, namely, that most of the analytic methods for studying intelligence that

have been used have told us a fair amount about the nature of intelligence, and

that a careful examination of their findings reveals a common core of generaliza-

tions. The fact that this common core exists essentially independently of the

method of analysis used convinces me that we need not turn in despair to operatieq;-

al definitions, because we can make some general1.izat ions about the n~itmmrc of intu1 -

ligence that are not idiosyncratic to the methodological or theoret i cal prefervn(-

of any particular school of thoaglit. Let us consider now what four of these schoo'-

of thought are, some findings that have emerged irom them, and how the!:e findinF .

general ize acros.s the various schools.

Definitions of Intelli -ence

One approach to undrstanding whit intelli ,.lce is involvvs i up], n:Lj ng

people to dfine it (in n nontrivi.1l ',v). U:u,'llv, these peoplc ,ir, c'ertS.

Tim most famous exampIe of this ap o Ic I n it* t ion can he foutnd ill "hit, mm I I ii ut
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and its Mea.surement," a symposium in which the editors of the. Journial of rduc:t,:-

al Psycholoy. asked experts in the field of intelligence to indicate uwhat they cvn-

ceive 'intelligence' to be." (1) Fourteen experts responded, and althou ,;h the s''-

posium was presented way back in 1921, one might speculatc, that simil.Ir hinds 3f

responses would be obtained from experts today. The definitions Included (a) th

power of good responses from the point of view of truth or fat (E. L. Thorndikc);

(b) the ability to carry on abstract thinking (IL. M. Terma ; (c) having learned cr

ability to learn to adjust oneself to the environment (S. S. Colvin); (d) .bilitv

to adapt oneself adequately to relatively new situations in life (R. Pintner);(,)

the capacity for knowledge and knowledge possessed (V. A. C. lienmon); (f) a biolo-

gical mechanism by which the effects of a complexity of stimuli ar- ;)routht toget!,t r

and given a somewhat unified effect in behavior (J. Peterson); (g) the capacity to

inhibit an instinctive adjustment, the capacity to redefine the inhibited adlustr,!t

in the light of imaginally experienced trial and error, and the volitional capnacit-:

to rcalize the modified Instinctive adjustment into overt *bchavior to th, advant.:.L,

of the individual as a social animal (L. L. Thurstone); (h) the capacity\ to acctJi rt

capacity (H. Woodrow); and (i) the capacity to learn or to profit by experience

(W. F. Dearborn). The other experts did not answer the question directlv.

Viewed narrowly, there seem to ho as many definitions of intellil,,cncc as thlr,.

were experts asked to define intelligence. Viewed broadly, hwever, it lca.t thrcc

themes seem to run throu~gh Many of tht,. o definiti ns. One tlhe i s t ho ;ib i I it ,,t

learn or profit from experience, and the knowledo,,c ictuallv acq u ired ill th; I ,i ;

a second theme is real-world probi(,l :;olving of the kind tividt'd tor ,id -I-t ion tt

the vagaries of an uncertain and cl 'mnn in, environm.nt; and a t hird th,:i, i , absti., t

'Iiinking or ren,;oning ability, such a:: that rcq(Iir,, in int,)"ratinp, irn,. :t ion

a variety of divcrse sourc,.s. Thert, i, a1lso a hint in soIn. (if the,,, , tnit i.,

Part icinlarlv inl that of Tlanrtonoc, .1!1, ill the t( I oif thc ~n~ innl In1
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a mot Ivat jiuaI component ii intel l igence. In Thurstone's conceptualization, the

intellige t organism is one with the volitional capacity to translate the products

of the mind into actions that benefit the organism in its social milieu.

I noted above the possibility one might speculate that similar kinds of re-

sponses might be obtained from the experts of today. In fact, some colleagues and

I at Yale conducted a survey by mall in which experts in the field of intelligence

were asked to rate (on a 1 to 9 scale) either how important each of 158 behaviors

is in defining their conception of an "ideally intelligent person," or how char-

acteristic each of these behaviors is in the behavioral repertoire of such a

person. (2) We used the statistical technique of factor analysis to identify the

main constellations of behaviors that emerged from the responses of the 142 experts

who replied. Factor analysis groups into constellations, or factors, ratings or

scores that are highly related to (i.e. , correlated with) each other, and separaf es

ratings or scores that are only weakly related. Three such constellations emerged.

The first, which we labeled "verbal intelligence," included general learning and

comprehension abilities, as well as the knowledge gleaned from them. Examples of

behaviors entering into this factor were "displays a good vocabulary," "reads with

high comprehension," "Is intellectual ly curious," "learns rapidly," "converses

easily oil a variety of subjects," and "reads widely." The second cons ;te]lation,

wh ich we labi.led "problem solving ability," included behaviors of the kind that

might be view,.d as involving abstract thinking or reasoning in the inte),ration of

information, for exampl, , "able to ap lly knowledge to problems at hand," "poses

probl.ms in an optimal way," "solve; problems wll," "plans ahead," "'cts to the

Ieart of probl ,'ms," "con: idvrs the enld resillt of oct Io ls,'' and ld''app '. pl' 1

thiullht fill v." Th e third constellation, which we 1 ,beled "pr,ictical ia t,. ll

im Ilid ru ll-world adapt ivt. behavi,,r,, ;iich as it., up ,;l ta t ); '(.11,' "d,. -

Ililt"; how to .(hicive i,.l;,' "di.,pli v'; ;lw.;ir e,;!. it, the world around hil: ,r b r,"

.,
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"displays interest in the world at large." Although 1 would not claim that these

three factors coincide exactly with the three themes identified in a different way

at a different time with different experts participating in the 1921 symposium,

there is an apparent and I believe striking convergence in tile abilities that were

identified. The motivational component that seemed to run through some of the

earlier responses also seems to run through some of the more recent ones, if any-

thing, even more forcefully.

Even more striking, perhaps, than the convergence in views between the experts

of yesterday and those of today is the convergence in views between the experts and

laypeople of our own time. When the same survey that was given to the experts was

given to a general sample of adults (nonstudents) in the New Haven -irea who answer-d

a newspaper advertisement to participate in a psychology experiment, the correlations ]

between tile responses of the experts ad the laypeople were almost as; high as the

reliabilities of the respective sets of responses would permit, both for the ratings

of importance and for the ratings of characteristicness. Although the experts in our

sample all had received doctoral degrees in psychology, were all employed at maier

colleges or universities, and had all published major research in the field of in-

telligence, their conceptions of intelligence differed hardly at all frora the con-

ceptions of the general adult population.

Factors of Intel ligence

In the st.udy of experts' and laypersons' conceptions of intellipt nce inention, d

above, my colleagues and I factor analyzed people's ratings of bchaviors, th.it mi.ht

be Labelled "intelligent." A more conventional use of factor anl, i:; i:, h.wev.r, i

in the analv!:i.; of the attual behaviors themselves. For example, an invc";ti,:Uto!

mi),lit factor analvze patterns of ('0olrr' at iOnS bet Wen sCores ol a i arA u:bt, r e

abilitv tty t,';, looking for tonstl lit iols of te:t scorle.; that are hiithlv icl.l1td

to e.lch oft)i and hopill ' t Iier. 1h to di-:,,o,, r tIlle

• . ' , t 4 , , • & ; - "
• "' ; 4 < . . . ... +. : . . . .. .. .. .. .
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latent sources of individual differences that are hypothesized to generate ob1;crv-

able differences in scores on the tests.

A number of different factorial thporie,,; of intelligence have been proposed,

each based upon factor analyses of various kinds of nient.-;-abiliL tests. Invsti-

gators usually propose or select among factorial theories on the bases of criteria

such as psychological plausibility, parsimony, statistical goodness of fit, ancd the

like.

The earliest factorial theory of the nature of intelligence was formulated by

the inventor of factor analysis, Charles Spearman. (3) Spearman's analysis of re-

lations among the kinds of mental tests he and other psychologists had been admin-

istering led him to propose what he inappropriately called a "two-f'rtor" theory

of intelligence. According to this theory, intelligence comprises two kinds of

factors (rather than just two factors)--a general factor and specific factors.

General ability, or "R," as measured by the general factor, is required for per-

formance on mental tests of all kinds. Each specific ability, as measured by each

specific factor, is required for performance on just one kind of mental test. I"e-

cause there are as many specific factors as there are tests, specific factors are

wholly unparsimonious, i.e., fail to provide any reduction of the data, and hence

are of little interest. There is only a single general factor, however, makiui

this factor of considerable interest.

As might be expected, the attempt to account for what is int erc:;t- ing in in-

telli gent behavior via just a single factor proved to be too parsi mwioioo.v; for the

tastes of most theorists: the single factor JUSt didn't account for e, nouy'h Of thk

variation in different individuals' scores to render it a reasonab lv complctc ",- ''"

planation of intellirgence. More recent theorists have subdivided the ;),encril falt or

into two or more subactors, and, interest in ,uly, there soleems to he rd Ihcr- r, I

ai,,reement among contimlporiry factor theori;t, s t, -h t at ]c;lt two of thI 'l-

Pt
' .... . . ... , - -) ,i - -. 4r. . ' 2 ,. ..,.. . ,
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factors should be. They are what have been called "crystallized" and "fluid"

abilities by Cattell, Hlorn) and their followers, and "verbal-educational" and

"opractical-miechianical" abilities by Vernon and his followers. (4) The correspi)Ll(4r.7

ities; match very closely for two different theories proposed by two different

research groups. No investigators, including the present ones, would claim t hatI

thes;e are the only subfactors that might be identified, or that these subfactors

could not be subdivided further. To the contrary, most contemporary factor theorists

accept a hierarchical model of intelligence whereby further subdivisions are an inl-

tiogral part of their theories. What is striking, rather, is that a large number of

investigators find this particular division to he a plausible, although Partial, onc..

In the Cattell-Horn terminology. crystallized ability includes the know]Oedte

and skills measured by tests of vocabulary, general information, and reading cor-

prehension. To a large extent, then, it represents the extent of a pe0rson's- aecul-

turat ion, both in terms of the outcomes of acculturation (vocabulary, Igeneral infe r-

ination) and the processes of acculturation (reading comprehension). Stated ill

anothor way, it nay be viewed as a person's ability to learn or prof it from e-,sor-

jexice, and the knowledge actually acquired in this way. When vieWed inl this WaV,

"crystallized ability" is a label for one of the three themes that ran through,1 1.11

definition!; of intelligence considered earlier. Fluid ability incluulee, the skilfls

and kllowledge.L measured by abst ract reasoning testrs such as figural ana lo~;ies (ro-

quu ring indiv iduals to indicate which of several answer opt ions is cOl at ed to a C

Li-117 inl the Saime way that a B term is; related to an A tern)), fifgural tceri es c~l

ions, (requi ring individuals to indicate which of several answer opt ion., crm],il-

a j,, omt n ogesio) and figurial. classi ficat ions (reqi ring individual'. to

indi catet wh~i ch of seve ral answer opt ions is most similar to several p i vo

mot r I c IF igiris!) . Fluiid ih ilitv may-i% he viewed aI- a pe an' bhii it v to I'lff al

500500ol abs t rot lv, allot hcr onec of IIhot tee: I hat ruij thlroiihl tin di' i

Intel Iil genme eonlside rid earl ier.
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There is nothing in the Cattell-Horn or Vernon theories that corresponds to

the theme of practical problem-solving or adaptational ability. Inded, although

some investigators, such as Guilford, have included one or more factors of practi-

.cal intelligence in their theories, the search for a replicable factor of practical

or social intelligence that appears in multiple invescigations has been an elusive

one. (5) The motivational component that ran through the definitions of intelli-

gence can also be seen running through the writings of Cattell, and is perhaps

most clearly seen in Spearman's equation of . with "mental energy." (6)

For complex statistical reasons that I have discussed elsewhere, it is possi-

ble for the factor analysis of a given set of tests for a given set of subjects

to support more than one theory. (7) I have also shown, however, that these

"different" theories may all be viewed as special cases of a single theory, with

each special case highlighting different aspects of the nature of intelligence. (8)

I believe, therefore, that too much has been made of differences among theories in

past writings, and not enough of their similarities.

Processes of Intelligence

Until about 1960, research on the nature of intelligence was dominated by the

factorial approach to intelligence (which is sometimes called the differential

approach or the psychometric approach). The publication in 1960 of two classic

works by two different sets of "information-processing psychologists"--Miller,

Galanter, and Pribram, and Newell, Shaw, and Simon--initiated a change in emphasis

from research seeking to factor analyze the products of test performance to re-

search seeking to isolate the processes of test performance. (9) By the 1.970's,

the information-processing approach was firmly entrenched in the study of intelli-

gence. The adoption of the information-processing approach has not nccssitated

the rejection of what we learned from factor analysis. Rather, inform.ation-

processing psychologists have sought to suppi ement our undcrstanding of the facwro;

of intelligence with an understandin,,, of the processes that are respon ibLe at

A _ 7-, . .. .. 
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least in part for the generation of these factors as sources of individual dif-

ferences. Examples of processes includc encoding stimulus information, inferrini

relations between stimuli, and applying these relations to new contexts.

A number of different information-processing theories and methods have been

proposed by researchers such as Jack Carroll, Earl Hunt, Arthur Jensen (whose

work on information processing can and should be distinguished from his work on

group differences in intelligence), James Pellegrino and Robert Glaser, Richard

Snow, and myself. (lO)These. theories are similar in their postulation of sets of

basic processes that are proposed to be used in intelligent information processing.

They differ in the identities of the processes, the complexity of the processes,

and the tasks from which the processes are isolated and which are alleged to

measure intelligent performance. The tasks range in complexity from choice re-

action time to complex reasoning problems. For example, in Hunt's theory, indi-

vidual differences in verbal ability are understood in terms of people's differen-

tial rates of access to highly overlearned information stored in memory. In mv

own theory, individual differences in verbal ability are understood in terms of

people's differential incidental learning of new concepts presented in everyday

contexts.

It is not possible in the space allotted here to do justice to all of these

theories, or even to describe any of them in great detail. I will, however, pre-

sent the bare bones of my favorite theory, my own.

Whereas factorial theories use the factor (e.g., verbal compreh,'onion, spatial

visualization, and the like) as the unit of analysis, my theory and 'ertaiin other

information-processing theories use as the unit of analysis the compi-tnent. Vhr, rc,'

a factor can he any kind of underlying source of individual differe, nck.o, a compo-

nent is an elementary information process that operates upon internal reprc nt a-

tions of objects or symbols. It- should be emiphasized that what is cailled "el ema-

t _.~



tary" in one theory might be called "complex" in another, A component is elemen-

tary or complex with respect to the level of behavior a given theory is attempting

to account for. A component may translate a sensory input into a conceptual

representation, transform one conceptual representation into another, or trans-

late a conceptual representation into a motor output. (11)

Components of intelligence can be subdivided on the basis of the functions they

perform in intelligent problem solving. The subdivision is basically a matter of a

given theorist's choice, and must be evaluated for its plausibility. Consider the

possible form this subdivision takes in my own theory.

Components can be distinguished on the basis of function into five different

kinds: metacomponents, performance components, acquisition components, retention

components, and transfer components. The functions of these kinds of components

will be illustrated in the context of their possible application to the solution of

analogy problems.

Metacomponents are higher-order control processes used for executive planning

and decision-making in problem solving. In an analogy problem, for example, one

needs to (a) decide just what kind of answer the problem requires--multiple-choice,

fill-in, or whatever; (b) select tle inductive operations that are needed to solve

an analogy; (c) decide upon an order in which the inductive or other operations

should be applied; (d) decide whether to represent information contained in the

terms of the analogy using a list of attributes, a multidimensional inaginal space,

or whatever; (e) decide how much time can be allotted to a given analogy; and (f)

monitor how well one i progressing toward finding the best of several analogy

completions.

Bill Salter and I have collected data In which we have isolated two Metncoi-

ponents of strategy selection (e in the above list) that we refer to as globl1

planning and local planning. The metacomponents were isolated by ii, temnt (al

- .- -.--- ..---- -- - - -
t-
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modeling of response time data in a complex analogical-reasoning test. (12) Global

planning is applied to a set of problems that needs to be solved (e.g., an analogies

subtest on an IQ test) and is heavily influenced by the context in which the prob-

lems are presented; but it is uninfluenced by the particulars of individual prob-

lems within the set. Local planning is applied to individual problems within a

set, rather than to the set of problems as a whole. For very complex analogies,

we have found that individuals with higher scores on a psychometric test of reason-

ing ability tend to spend more time than individuals with lower scores on global

planning, but less time on local planning. The brighter individuals, in other

words, seem to do more of their planning "up front" in performing a task.

Performance components are processes used in the execution of strategies for

task performance. Performance components may be viewed as executing the plans and

implementing the decisions laid down by the metacomponents.

My collaborators and I have isolated performance components from a number of

different tasks by mathematical modeling of reaction time and error data. In an

analogies task, it has been found that individuals with higher scores on psycho-

metric tests of reasoning ability tend.to spend more time in encoding the tern.s of

an analogy than do individuals witii lower scores, but less time in combining and

comparing terms, and in responding. This pattern of results is quite compatible

with the metacomponential pattern of results noted above. Brighter individu:zls

spend relatively more time in preparing for (combination and comparison) operati1'

that act upon encodings of analogy stimuli, but relatively less time in act :l v

execut ing these operat ions.

Acquisition components are processes involved in learning new inforimlt ion:

retention components are processes involved in retrieving information that h-tp

prevotu:;lv acquired; and transfer components are processes involved in carrvi., ;',.

retained information from one situational context to another. Our rcfarch n: i,,

04-
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yet reached tile point where we are able to specify what these processes are.

How does this information-processing conception of intelligence relat, to tile

definitional conceptions we considered, on the one hand, and to the factorial ones, tn,

the other? In typical testing situations, the mcasurement of crystallized ability

involves, for the most part, accumulated products of past executions of components

of acquisition, retention, and transfer. In tests of vocabulary and general in-

formation, for example, and to a lesser extent, in tests of reading comprehension,

the major determinant of individual differences will be knowledge acquired well

before the test was ever taken. In contrast, the measurement of fluid ability In-

volves, for the most part, current execution of components of performance. The

components of reasoning required for the solution of items such as figural analog;.ies,

series completions, and classifications are executed at the time the test is actual)v

taken.

Viewed in terms of the themes described in the section on definitions of in-

telligence, operations of acquisition, retention, and transfer components determine

to a large extent one's ability to learn or profit from experience, and the knoled.. H
actually acquired from experience; operations of performance components are largely H
respunsible for an Individual's abstract thinking or reasoning ability; and the

metacomponents drive the components of all the other kinds. The metacomponcnts

may be seen as the motivational element in the present theory, akin in soe.av'

to Spearman's concept of "mental energy." What is missing from this account, as

from the factorial account, is any firm handle on practical problem solviiwg and

adaptation to real-world environment. We are currently attempt ing to applyviv

method of componential analysis to simulations of real-world tnsk pvrformn,-e, and

are hoping therebv to attain some understanding of how people carry out col:;eqti nt i.il

actions in their everyday encounters with the environments in which thev f iud the::'-

sel Ve.'

. 'I. -. .. "
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Deficiencies of Intelligence

Numerous investigators have sought to understand the nature of intelligence

by assessing what it is that mentally retarded individuals lack. A number of dif-

ferent approaches have been taken to understanding the nature of mental retardatien,

but three approaches are of particular interest to us here.

A first approach, identified with investigators such as John Belmont, John

Borkowski, Ann Brown, Earl Butterfield, Joseph Campione, Norman Ellis, and David

Zeaman, seeks to understand mental retardation in terms of ineffective functioning

of what were called above acquisition, retention, and transfer components, and

particularly, in the interaction between these kinds of components and metacom-

ponents, or control processes. (13) It has been possible in some of the research

using this approach to effect dramatic improvements in the learning and recall

performance of retarded individuals by training these individuals in strategies

for rehearsing items recently presented in word lists, strategies for organizing

the words on these lists in a way that makes them easier to recall (e.g., by

semantic category membership), strategies for apportioning study time during learn-

ing, and the like. In terms of the factorial language, subjects may be viewed as

having been trained in skills that lead to improved crystallized ability. In tcr-s

of the language of the definitional approach, subjects may be viewed as having been

trained to learn or profit from experience.

A second approach, identified with investigators such as Milton Budoff, Carl

Berciter, Sigfried Engelmann, and Reuven Feuerstein, seeks to understand mental

retardation in terms of ineffective functioning of what were called above perfor: :: :Ie

components, and particularly, in the interaction between this kind of component :nd

metacomponents. (14) Improvements in performance on IQ tests have becn attained

through the use of training based upon this approach. Feuersteln's iuictrunciltal

enrichment program is probably the largest-scale progra of this kind, and the

results of using it have been highly favorable. In tersu- of the factori al l1 .

Lp
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subjects may be viewed as having been trained in fluid ability skills. In terms

of the language of tile definitional approach, subjects may be viewed as having

been traincd in abstract reasoning and thinking skills.

A third approach, identified primarily with Edward Zigler, seeks to understand

mental retardation at least partly in terms of motivational variables that operate

differently in normal and retarded individuals. (15) Zigler has not claimed that

mental retardation should be understood primarily as some kind of motivational do-

ficiency. Rather, he has suggested that in order to understand fully the effects

of cognitive deficiencies, one must understand how the effects of cognitive vari-

ables are mediated by motivational ones. By effecting quantitative and qualitative

changes in the motivational levels of retarded children, Zigler and his colleagues

have been able to obtain large improvements in these children's performance on tra-

ditional cognitive tasks. I believe that Zigler l'as persuasively shovn that the

motivational component running through the notions of intelligence considered

earlier is important as well in understanding one source of deficient performance

in mentally retarded individuals.

No one seems to have proposed an approach to understanding mental retardation

in tc..is of ineffective functioning in real-world environments (although the moti-

vational approach comes close to this in some respects), and with good reason.

Mildly retarded individuals, those who have been by far the most witilv studiedi,

function surprisingly well in real-world settings. Indeed. mild retardation ,ce'

primarily to be an academic problem and hence a childhood problem. Once the inmu-

vidual's primary adaptation is to spheres other than acadermic ones, th,'re are ;m

number of societal roles in which he or she can function effcctively.

Conclusions

On the basis of the review conducted above, I am prepared to :;u,,'.t thit .'

fully adequate theory or measure of intelli gence needs to t olkt into 1 , it 1 I

.4 i*l
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four macrocomponents of intellecLua!1 performance. I am inclined to refer to t hem

as "mac rocomponent ;i in order to distinguish them from the "micro(omponents" I dt-

scribed earlicr i. presenting my own theory of intelligence. The four macroco,.1:o-

nents are:

1. Ability to lcarn and ylr.of-it__f-rom cxp-,rionce and the__roducts of this e: -

perience (al:;o referred to earliCr as crvstallized abil ity and as the fuuctioning

and products of acquisition, ret tntion, and transfer comipontnts a; drive n by rt-ta-

componentLs), An intelligent person learns from his or her interactions with the

environment, and uses his or her experience to greater advantage than does a le ,

intelligent person. As a result, the intelligent person tends to know more (e:cei.

in cases of deprivation of an individual ;n his or her interactions with the C.1viron-

ment, iii which cases the opportunities to learn are, simply not prseinted to the,

individual).

2. Abil ity to think or rea!;on .ibst ra( tv (also referred to earl ier as fluid

ability and as the functioning of performance components as driven b' metacorp(o-

Ients) . An iutetlligint person van inlter relations betweent events, applv these

relations to new situations, inte.rate inforimit ion, and otherwise Uxploit gPivCen

and inftrred informat ion to greatcr advajntage, thtan can a less irt, 1 irt't Dtxsm'i.

3. Ahilitv to .najt , l to, the vain ,r of ;I chl nJ in m A, kii;;(trtin r, .I-

world cmvI rome:ttt. An imit'lli 'tm.t person i, a bttter pract ical i~r bl,1 ;; olv r th !n

ik ;t Ia :e ; iittt'lli).' i t person. io or :,it is b ttcr ablt, to coim with I li, c a ll, -

that li t prt, tt t s. III making l t 14-a ib ;ili t to wheth'r to ConlsurmU'vt( in1 irport :nt

purchase., for txtimpit, , ',tcl i a rlt. -(ii is; I ike l,,t to c In.;ult uwore soul t of In fo- '

to cons tlIt iln ;irt i,uLir tih,,a, t;' t ,,f infmri:im it iio tlit are n st Ii;,lv to , :1-

t ; i n uri t i&.i i nito'i lt it iou, to t. ,',,; .it, .ta d iit , , ,.itv tlt, imoIormat ion Il,1t i, c ace ;r .

iln ;I moI-e ti t ful .tiii no'r, and tto itn v( i ,,,tt, mr, ' I u 1 v I t' h ;tI ru iL vve'. liii! ire-1 .

.Iva i t .11 , 1 a1 i1 .1 tl -, pu rt'h. 't' , i to I o pt't it i ,' i.d it , (or th e lut -i h , ' of 44 ,10

mit't at .11

"'1 -
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4. Ability to motivate oneself to accomplish expeditiously the tasks one needs

to accomplish. An intelligent person is more highly motivated than an unintelligent

one to accomplish the things that matter for successful adaptation to his or her

environment. Such a person expresses more of an orientation toward task accomplish-

ment.

In distilling the findings of four approaches to intelligence in order to

identify the macrocomponents that are common to all or almost all of them, I have

of course been selective in my inclusion of information, and biased in my interpre-

tation of the information I have included. Whether or not my selections and biases

have been unfair is a matter for my readership and my peers in the field to jud.,e.

Like all invustigators, I would like to believe that I have been reasonable and

fair. One possibly promising sign that I have indeed been reasonable and fair is

that there is nothing nonobvious about the four macrocomponents I have listed; to

the contrary, they are abilities that people in various walks of life have for r anv

years asserted to be integral parts of intelligence. Indeed, that is how they j-ot

on the list! To the extent that these four items do seem to emerge in research on

intelligence, almost without regard to.the approach that is used, one's confidence

in their importance to a theory of intelligence increases.

Since the majority of investigators of intelligence switchied their allegiance

from the factorial approach (9pon which IQ tests were originally b.scd) to the in-

formation-processing approach, we have learned a lot about certain a!mpects of in-

telligent behavior. Consider, for example, the analogy problem tha t is, so frt,(.t,nit-

ly found on tests of Intelligence. Before the informat ion-proccssin ' anal'sis c;

analogy task performance, we knew little more than that the analogv w,; ,a very,

measure of fluid ability. We now know (a) the component processes peo',le use, in

solving analogies, (b) the various strategies into which these proc , 'onin. i

order to form a working procedure for solition, (c) upon what kind,; of intern.1
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representations for information these component processes and strate.gie..,; act, (d)

approximately how much time is spent on each component process for analogies of

different kinds, (e) approximately how likely each of thes, process.s is to be ,x.-

cuted accurately, (f) which component processes are responsible to what degre., for

the analogy's usefulness as a measure of fluid ability, and quite a bit more. We

also know how individuals differ in these various aspects of information processing,

both within and across age levels. (16)

The knowledge we have gained from intensive information-processing analysis of

problems found on IQ tests convinces me that contemporary theories of intelligence

are quite adequate in their accounts of the first two macrocomponents listed above.

But they are wholly inadequate in their accounts of the last two macrocomponents.

If we return to the question posed at the beginning of the article regarding

the relationship between natural intelligence and measured intelligence, we find

that what IQ tests measure pretty much reflects the current state of theory, re-

gardless of the approach motivating the theory. Intelligence tests are nuite

strong in their measurement of the first two macrocomponents in the list, but quite weak Is

their measurement of the last two macrocomponents. Note that factorial and

information-processing theories have essentially the same patterns of strength;

and weaknesses in this respect: A change from measurement of factors to measure;;,nt

of microcomponents will not alter the essential coverage of the test!;, because thi,

items that have been analyzed via the two kinds of techniques are altiost the s.:'2e.

Indeed, I have argued here and elsewhere in detail that the ground (ovt'rL'd

by factorial and information-procesSing theories is almost identical. (17)

I do not have any doubt that thle' motivation required to prfor wt l l on Ic

tests will provide at ]east some indication of the notivaLion an indiv d,t,1 h,.

to perform In more typical kinds of situati on:;; nor do I have any di,,irt tha1t t ht

ability to solve the often somewhiat obscure k id:; of probliem'. pr e tst, (,n th%1 ,'

tests will correlate in some small dt gree with tho ability to sol,'v b, in 1'.
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real world. But the measurema.ut of these abilities provided by IQ , tets ts is mi ni~-.,

and certainly less than adequate. Problemsi such as those both factor ial and inlor-

mat ion-processing investigators have studied can mreauviur only a Ismll subset of the

skills that contribute to inte lligent behavior. People have trie'd be. fore to rit'asure

motivat ionll and practical problem solving abilities, and they have met with Se,:(e

success, at least in the motivational doma in. (18) But I believe w need to re-

double these efforts, despite the frcquetnt frustrations with which thtey have mot

in past rkeseearch. Our present policy in research on intelligence--to direct alrn.ost

all of our efforts toward further understanding and better measurevient of those

abilities that we have been most successful in understanding and Ieasuring in the

past--is an understandable one. This policy has been productive in the past, alld I

expect it will continue to be productive in the future, at least in the short run.

It is not likely to be the most productive policy to follow in the long run, ho,,,ver.

1 and many others believe we have pretty much reached a ceiling onl wh:at we can do

with the kinds of tests we presently have. As I stated alove, chait i; the for;:s

of the scores from factorial to information-processing ones will not chang tei. liim-

itations inherent in the narrow range of abilities we are present lv studving-. In

order to improve our measurement of Intel]igence ano otur theorie., of What givcs, ri,;e.

to scores on these meastnrements, we leed to u plem'nt what we ha ve, Ioth in tti i*,,

of measure'nent and th.orv. Perliap.; we will have to ; l ol ourauc'u\o" to exp'l ,!.-

Ing more f.ilures in meeting our 1iort-term ;i,]s in ord.r, hopeful! 1 , to e-:,er ;,t

more success's in ifvt't l l y nin't ing our lo1 '-term ,oal . l'liesc y, i:. would , to

include at; ain esst nt i. I part tlie udt r" tandiny, and m,.!c;u -rncen t of in t. I I ,,ncr.i i

thev full ;t se nsv ol lII. term, I- it Iic r than in a Ilarl-w ndiid rt-;t ri (t i\i one. (1

'I
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Newport News Shipbuilding. and Drydock Co 666 Sumnmer Street
Newport tVew3, VA 23607 Boston, MA 02210

1 Dr. James tcPride 1 Psycholcgist
Navy Personnel 13,0 Center ON4R Branch- Office
Son Diego, CA 92152 53-6 S. Ml- Street
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Head. Humnzn Factors Dept. 1 Office of NMival Pesearch
Naval Submarine t'edical Research Lab Ccode 437
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Arlington. VA 22217
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Navy Perscnnel R&7) Center 1 Office of Nav;al Research
S.n Diego, flk 9215? Ccd'- L:41

800 N. Quincy Street
1 Library Arlington, VA 22217

NavnI- Health Peseairch Center
P. 0. Box 35122 5 P'*rsrnnel & Training. Resezarch Progr; 7s
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National Vavll1 redical Center 1 Psychologist
Bethesd,. IT 20"14 ONER Pri)nch Office

1 East Green Stroet
1 CAPT Paul W,.Ilson, USM P,..v.1en-j, CA 91101
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U. S. Army Research Institute for t.,, I J:i,, A. Thcrp, .aj., USAF
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Department of Psycholcy bepartment of Psyc.hclcgy
Carnegie e:tllcn University University of Califcrnia
Pittsburgh, PA 15213 Los AnGeles., CA 9024

Anderscn. Thcas H., PtI.D. 1 Dr. Isaac Pejar
Center for the ,tudy of Reading Educational Testin& service
174 Children's research Center Princeton, NJ 03o15
51 Gerty Drivr
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Dept. of Psycholgcy
Dr. John Annett Sacramento State College
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University cf Warwick Sacramento, CA 95519
Coventry CV4 7AL
ENGLAND 1 Dr. Lyle Bourne

Department of Psyclclcgy
DR. 'ICI!AEL AT.JOOD University of Cclcradc
SCIENCE APPLTCATIO;:S INSTITUTE Boulder, CO 80319
40 DEt;NVER TECH. CENTER WEST
7935 F. PRENTICE AVENUE 1 Dr. Rob .t rrennan
ENGLE'CCr. CO 30110 American College Testing Progr:,ns

P. 0. Box 163
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Dept. cf Defnse (Array Office)
Campbell Park Offices 1 Dr. John S. Drown
Canberra ACT 26'0, Australia XEROX Palc Alto Pestarch Center

3333 Coyote Rcd
Dr. Alan PRaddeley Palo Alto, CA 943('4
Medlcal Pe.erch Ccuncil

Applied Psycho!c3y Unit 1 Dr. Bruce Fuchanan
15 Chaucer Rcdi Department ci Ccmput.r Science
Catnbridg- CP2 2EF Stanfcrd tUniversity
ENGLAND Stanford, CA 91305
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Dr. William Chase P.C. Drawer 0
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Department of Psychclogy

Dr. Micheline Chi University of Illincis

Learring R & D Center Chmpoign, IL 61820
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3939 O'Hara Street 1 Dr. Hubert Dreyfus

Pittsburgh, PA 15213 Department of Philcscphy
University of California
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Dr. Edwin A. Fleishman I Dr. Harold Hawkins
Advanced Research Resources Organ. Department cf Psychclogy
Suite 900 University cf Oregon
4330 East West High :3y Eugene OR 97403
W.ashington, DC 20014

1 Dr. Barbara Hayes-Roth
Dr. John R. Fredpriksen The Rand Corporation
Bolt Eeranek ' Newnan 1700 !lain Street
50 Moultcn Street Santa lonica, CA 90406
Cambridge, iA 02138

1 Dr. Frederick Hayes-Rcth
Dr. Alinda Friedman The Rand Corporetion
Department of Psychology 1700 Main Street
University of Alberta Santa Monica, CA 90406

Edmonton, Alberta
CANADA T6G 2E9 1 Dr. James R. Hoffmtn

Department of Psychology
Dr. R. Edward Geiselman University of Delaware
Department of Psychology Newark, DE 19711
University of California
L s Aageles, CA 9n024 1 GlUnda Greenwald, Ed.

"liuman lntelligene. - Newsletter"

DR. ROBERT GLASER P. 0. Box 1163
LRIX Birmingham, MI 48012
UNIVERSITY OF PITTSBURGM
3939 O'HARA STREET 1 Dr. Lloyd Pumphreys
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University of Illincis
Dr. flarvin D. Glock Champaign, IL 61820
217 Ston2 Hall
Cornell !'niversity 1 Library
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Dr, 'nl Gopher Cairmel, CA 93921
Indu!tri4l 1 'n.anlgenent Fnginecring
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ISRAEL University cf 1;sK;intun

e~t1,,WA 961rl)

DR. JA!:FS 0. G~rFF"n
LR PC 1 Dr. .tevon W. Kpol
UN!VER ?:TY OF PITT:.PURGH Ept. cf PsyLc 'I'y
3939 :';,;A .TRPFrT Invcrsity cf (,ru'. cn
PITTrFU-,:< , PA 1521- Eu6i:w, CR 9740

Dr. Rcn ,'ibletcn I Dr . .:.1ter kintnch
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Univprril'y -f "iserhusotts Ihlv er.2ity cf Cc I(r.,.!
Amherst. "A *.~'12d CO3
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1 Dr. David Kieras 1 Dr. Drnzd A Icrmin
Dcpa)r'6rent cf Psychology Dept. of psyacr1c;7,y C-309
University of' Arizona Univ. cf Califcrnii, San C-i ejc
Tuscon. AZ ?5721 La Jzlla, CA 92093

1 Dr. Stephen Kcsslyn 1 Dr. '-Iivin R. 'o v ic k
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Cambridge, XA 0213

1 Dr. J--sse Orlansky
r. Marlin Kror Institute for Defense Analyses

1117 Via Goleta 1100 Arny Navy Drive
Palos Verdes Estates, CA 9,0274 Arlington, VA 22202

1 Dr. Jill Lar~in 1 Dr. Seymour A. Papert
Department of Psycholcry Massachusetts institute of Technclc~y
Carnegie 1'ellcn Univ.?rsity Artificial Intelligenco La~b
Pittsburgh, PA 15213 5145 Technology SquI-re

Cambridge, HA C2139,
1 Dr. Alan Les~ycl'f

Learnin- RMD Cente~r 1 Dr. Jimes A. Pcaulson
University of Pittsburgh Portlznd State University
Pittsburgh, PA 1r,260 P.O. Po<x 751

Prtl,,ni, OR 97207
1 Dr. Charles L' ,wis

Faculteit Sciile Wetenschappen 1 141. LUIGI PET!PULLO
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Oude Poterin.-:straat ARLINGTON, VA 22207
Grct~in.-en
NETHERLM'DS 1 Dr. 11.-rtha Poison

Depanrtment of Psychoclogy
1 Dr. James LurnsJen Univcrsity of Colora3do

De-partinent of Ps:ychology Boulder, CO) 90302
University of ',h-rterrn Australira
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AUSTRALTA DEPT. OF psyGCnLOGY

U::IvLRrU)TY OF COLORA.DO
Dr. flark ;.ilier B3OULDER. CC 8009
Computer Scioncc Laiboratory
Texas Instrum-ns, Inc. 1 Dr. Steven E. Pcltrcck
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Dallas, TX 7524)5 University of Denvur

D,-nver,C0 F020S
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P~ 11 4 It' Dr. Lonnie R. Sh-rroci
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University cf MIi5sour i-Cclumbiz? Carnc,;ie-!1ellon Uniernity
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Pittsburgh, PA 15213
1 Dr. Fred Reif
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Univ",: sity of CLififrnia Rutzers University
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1 Dr. Anrrw M. Pose 1 Dr. Richard Sncw
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1 Dr. Par iharcin zjninathan 1 Dr . How-ird Wz iner
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Schoocl of Education Washin,;tcn, DC 20035
U~niversity of ";s.sachusetts
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1 Dr. Kika',i Tzitsucka Harvord University
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University of Illinois 1 Dr. David J. keiss
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University of 1rinsas
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Infcrrictioni Sciences Dept.
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I DR. PERRY TH0Rr!DY'E PSYCI'OLOGY DEPAM-T1ENT
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SAI!TA 1107'ITCA, CA 9016
1 Dr. Christopher 1:ickens

I Dr. Dou~as Towne Depart-nent of Psycl.clcqy
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1 Dr . J. 'Jhlner University of Clifcrnip
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U.'cdhnci) Pills, CA 913r'14
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Dept. of Psyciho1c";y
Vcrthw.?,ztern Univf-rsity
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1 Dr. "'illi-1 R. uttal
University of Mcir
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